###### Strengths and limitations of this study

-   This study is, to the best of our knowledge, the first in its field and a response rate of 74% increases the validity of the results.

-   As the TETRA (TErrestrial Trunked RAdio) authority radio is in use in most of Europe for prehospital radio communication, the results of this study have broad relevance outside the context in which it has been done.

-   The study has sought to include all physicians working at a 24/7/365 operational Emergency Medical Service in Denmark.

-   The inherent bias in using self-assessments in studies is a known limitation.

-   The study does not seek to show a causal relationship between an increase in the provision of formal training and an increase in the self-assessed levels of competence in using the equipment.

Introduction {#s1}
============

Prehospital communication often takes place in hectic situations. Effective communication among Emergency Medical Services (EMS) as well as all branches of the Prehospital Emergency Services is essential for a shared situational awareness and the efficient treatment of patients.[@R1] In other settings, a significant correlation between a team leader's degree of situational awareness and critical task performance has been shown to exist,[@R4] underlining the need for effective communication.

Physicians working in prehospital care are frequently required to make a large number of rapid decisions under intense pressure---decisions, which depend on the physician's situational awareness. During larger emergency operations, including those involving multiple operators (ie, police and fire departments as well as EMS), cooperation becomes an important part of the job; cooperation, which requires a shared situational awareness. A previous study by Seppänen *et al* [@R2] identified several factors affecting the formation of a shared situational awareness in a prehospital context, including two influential factors: information gaps and a lack of fluent communication. In our view, both factors could arguably be ascribed to difficulties in communication. For these reasons, attaining proficiency in radio communication is essential for all staff working in EMS, including physicians working in prehospital care.

Following the terrorist attack on the World Trade Center in New York on 11 September 2001 and the incident in the Danish town of Seest on 3 November 2004, the need for secure radio communication among members of the Danish Emergency Services became apparent.[@R5]

As a consequence of these events the Danish government in 2010 implemented a new, secure communications network ('SIkkerhedsNEttet' aka 'SINE') based on the TETRA (TErrestrial Trunked RAdio) standard.[@R6] This network is currently used by all Danish authorities involved in emergency communications (eg, ambulance services, police, fire and rescue services and the Danish Armed Forces) as a means of ensuring efficient and secure radio communication across these divisions.

Physicians employed in the Danish EMS are usually working only part-time within the EMS and, as a result, proficiency in radio communication can be difficult to obtain. At the time of our survey there were neither formalised regional nor national requirements in place for the proper use of radio communication equipment for physicians working in prehospital care, nor were there any training programmes available specifically tailored to physicians. Presently, the only formal way for physicians to gain experience in the use of the authority radio network is via a 3-week On-Site Medical Commander Course at the Danish Emergency Management Agency. However, for the vast majority of prehospital medical providers this course, apart from posing a major expense, covers a curriculum of radio communications far in excess of what would normally be required in the context of prehospital care.

A recent review of the literature concerning the use of simulation for training in prehospital care did not find any studies on the use of simulation in the field of radio communication.[@R8] Enlisting the help of a medical librarian, MEDLINE, EMBASE and Web of Science were systematically searched for relevant articles concerning training in the field of prehospital radio communication. Additionally, Google and Google Scholar were searched, again to no avail, making this to the best of our knowledge, the first study in the field.

While training programmes relating to other technical areas of prehospital medicine are well known,[@R9] to the best of our knowledge no training programme exists for the use of the communication tools available in a prehospital setting. The aim of this study is to evaluate the need for such a training programme. To do this, the current level of expertise among EMS physicians using the TETRA radio as a means of radio communication was examined by use of a cross-sectional survey.

Three objectives were specified:

The first objective is to quantify the amount of training received by physicians working in a prehospital setting.

The second objective is to assess the quality of training received by physicians.

The third objective is to investigate if training has any influence on physicians' level of competency in using the TETRA authority radio.

Materials and methods {#s2}
=====================

A cross-sectional study was conducted of all physicians working in the Danish EMS on the amount of training received and the self-assessed skill level in using the TETRA radio for communication in a prehospital setting. The reporting of this cross-sectional study seeks to comply with the standards set out in the Strobe Statement.[@R12]

All physicians working on Danish Rapid Response Vehicles (RRV) and the Danish Helicopter Emergency Services (HEMS) were included in the study, excluding those physicians who had not had a shift on their respective vehicles during the past 6 months. These physicians were deemed inactive and therefore excluded from the survey.

A questionnaire was developed concerning the different aspects of training received and the level of proficiency acquired in the use of the TETRA radio. The questionnaire was sent to all physicians in Denmark working either on a RRV or with the HEMS.

Development of the questionnaire {#s2a}
--------------------------------

A self-assessment questionnaire was designed to determine the skill levels among physicians working in prehospital care in Denmark in the use of the TETRA radio. The questionnaire was developed based on existing literature and in accordance with normal practice.[@R14]

Software specific to questionnaire design (SurveyXact, Rambøll Management Consulting, Aarhus, Denmark, [www.surveyxact.com](www.surveyxact.com)) was used to create and distribute the questionnaire, as well as to collect and analyse the resulting data. A translated version of the questionnaire can be viewed in full in the online [supplementary file](#SP1){ref-type="supplementary-material"}.
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Interviews with physicians working in a prehospital setting were initially undertaken in order to determine the relevant questions to ask concerning the type, level and availability of training in the use of the TETRA radio for prehospital radio communication. Based on these interviews, the questionnaire was subsequently developed and refined in accordance with feedback from the above-mentioned participants.

As many of the physicians working in prehospital care in Denmark have multiple employers, and due to the unspecific nature of email addresses, it is almost impossible to identify individuals with absolute certainty. Therefore, in order to avoid bias, the questionnaire needed to be designed to take this issue into account as we wanted only one response per prehospital physician.

A design formulation was selected which allowed respondents to specify whether their answers were provided in a primary prehospital capacity or in a secondary capacity, the primary capacity being defined as the one in which the physician worked the majority of hours per month. Answers given in any secondary prehospital capacity were registered but were not included in the final analysis.

The pilot questionnaire was tested for readability and user friendliness by 14 physicians representing the five regions of Denmark. Final adjustments were made to the questionnaire on the basis of answers and comments resulting from this pilot test.

Main survey {#s2b}
-----------

Email addresses for physicians working on Danish RRVs and the Danish HEMS were obtained from the offices managing each of the vehicles.

### Quantification of training received {#s2b1}

To quantify the amount of training received by prehospital physicians in the use of the TETRA radio, physicians were asked about the amount of formal training they had received. The question was threefold and divided into sections regarding training received prior to starting work in a prehospital setting; training received in the past year; and the total amount of training received.

### Quality of training received {#s2b2}

In order to evaluate the quality of the training received by prehospital physicians, a range of questions had to be answered. First, physicians were asked to self-assess their current level of expertise or competency in using the TETRA radio. The different levels of competency were defined in accordance with the Proficiency Scale outlined by the US National Institute of Health[@R17] and each physician was asked to rate his or her own skill level in using the radio for communication in their everyday work by reference to a 5-point scale. The scale ranged from basic (level 1) to expert (level 5). Skill level 3 was defined as the ability to handle most communication on a daily basis, excluding communicating with multiple operators on the scene of a major disaster.

Second, physicians were asked about training received in the use of the TETRA radio, and asked to rate if their current level of training would be sufficient for simultaneously handling both radio communication and patient treatment.

Finally, physicians were asked to what extent their level of training was sufficient in order to:concentrate on treating the patient;do the job adequately;handle radio communication at the scene of a major catastrophe.

### Effect of training {#s2b3}

In order to investigate if a correlation exists between the amount of training received in the use of the TETRA radio and the skill level acquired, hours of training received and self-assessed competency level were cross-referenced.

Blinding of the results at the individual level was done by the software used in such a way that no individual answer could be linked to any specific physician. The only information available to the author was whether or not a physician had answered the questionnaire, thus allowing for reminders to be sent but nothing more. The results of the survey are presented as descriptive data.

The project has been presented for approval at both The Regional Scientific Ethical Committees for Southern Denmark and at The Danish Data Protection Agency. Both organisations deemed approval unnecessary due to the design and nature of the study, in accordance with Danish law.

Permission to conduct the survey was granted by the offices managing each of the organisations in question. All answers from the survey were automatically anonymised and collected in such a way that no individual answer could be linked to any specific physician.

Results {#s3}
=======

Questionnaires were sent to 457 unique email addresses on 22 September 2015. Follow-up emails were sent to 254 and 156 respondents on 30 September and 7 October 2015, respectively. The survey was concluded on 27 October 2015.

Of the 457 potential respondents to the survey, three were excluded due to invalid email addresses, leaving 454 possible respondents. Of this number, 338 respondents (74%) completed the survey. Three physicians subsequently asked to be removed from the survey as they no longer wished to participate in the study, 4 respondents answered the questionnaire only partially, and 109 physicians did not respond at all. Of the 338 completed questionnaires, 17 were received from physicians who had not worked in prehospital care over the course of the past 6 months. As previously stated, these questionnaires were excluded from the study. Of the remaining questionnaires, 58 were answered in a secondary prehospital capacity and were, as previously noted, excluded from analysis. Final analysis was done on the remaining 263 questionnaires. The flow of participants is shown in [figure 1](#F1){ref-type="fig"}.

![Flow diagram demonstrating the number of eligible respondents included in the study.](bmjopen-2016-015017f01){#F1}

Training received in the use of the TETRA radio for communication {#s3a}
-----------------------------------------------------------------

The self-reported amount of training received by each of the 263 participants in the survey is listed in [table 1](#T1){ref-type="table"}. The amount of training is divided into three categories: the amount of training received prior to starting work in a prehospital setting; the amount of training received in the past year; and finally, the total amount of training received.

###### 

Training received in the use of the TETRA radio

  Category                       Training received prior to starting in a prehospital setting   Training received in the past 12 months   Total training received
  ------------------------------ -------------------------------------------------------------- ----------------------------------------- -------------------------
  No training                    100 (38%)                                                      115 (44%)                                  27 (10%)
  One hour of training or less   111 (42%)                                                      104 (40%)                                  84 (32%)
  More than 1 hour of training    52 (20%)                                                       44 (17%)                                 152 (58%)
  Total                          263 (100%)                                                     263 (100%)                                263 (100%)

Quality of training received in the use of the TETRA radio for communication {#s3b}
----------------------------------------------------------------------------

Using the 5-point Proficiency Scale[@R17] each physician was asked to rate his or her own skill level in the use of the TETRA radio for radio communication in their everyday work. The results can be seen in [figure 2](#F2){ref-type="fig"}.

![Self-assessed competences in using the TETRA radio. Figure showing self-assessed skill levels acquired by prehospital physicians using National Institutes of Health\'s 5-point Proficiency Scale. TETRA, TErrestrial Trunked RAdio.](bmjopen-2016-015017f02){#F2}

The number of respondents at each level of the Proficiency Scale can be seen along with corresponding percentages. The scale ranges from basic (level 1) to expert (level 5), with level 3 corresponding to an ability to handle most communication at an everyday level, excluding radio communication at the scene of a major disaster involving communication with multiple operators including ambulances, helicopters, medical coordination and the police and fire departments.

Regarding the quality of the training received, respondents were asked to state the extent to which they agreed with various statements concerning sufficiency of training. They were asked if the level of training (1) would be sufficient to allow them to concentrate on treating patients, (2) would be sufficient to adequately do the job as a prehospital physician and, finally, if it (3) would be sufficient for the physician to handle radio communication at the scene of a major catastrophe, including the above-mentioned prehospital operators. The results can be seen in [table 2](#T2){ref-type="table"}.

###### 

Physicians\' statements regarding sufficiency of training

  Category                                        Sufficient to concentrate on patient treatment   Sufficient to do the job adequately   Sufficient to handle radio communication at the scene of a major catastrophe
  ----------------------------------------------- ------------------------------------------------ ------------------------------------- ------------------------------------------------------------------------------
  To a very great, to a great or to some extent   172 (65%)                                        151 (57%)                             178 (68%)
  To a lesser or to no extent                      89 (34%)                                        108 (41%)                              81 (31%)
  Do not know                                       2 (1%)                                           4 (2%)                                4 (2%)
  Total                                           263 (100%)                                       263 (100%)                            263 (100%)

Effect of training on self-assessed competency in using the TETRA radio for communication {#s3c}
-----------------------------------------------------------------------------------------

Results of cross-referencing the self-assessed skill levels in the use of the TETRA radio with the number of hours of training received are shown in [figure 3](#F3){ref-type="fig"}. The figure shows the distribution of the different levels of competency in using the radio (levels 1--5) in relation to the amount of training received in its use, ranging from no training to more than 5 hours of training. Numbers in the graph represent percentages of respondents at each level of training received.

![The effect of education. Figure showing the skill level acquired on the 5-point Proficiency Scale in relation to the amount of training received. Numbers represent physicians' distribution of competence (percentages) at that level of training.](bmjopen-2016-015017f03){#F3}

Discussion {#s4}
==========

This study describes the current levels of training and self-assessed competencies in the use of the TETRA radio for communication among physicians working in prehospital care in Denmark. Specifically, it investigates the amount of training physicians received and assesses the present levels of competency in using the radio communication tools provided. Finally, the study examines if a correlation between training and acquired competencies can be seen. It is, to the best of our knowledge, the first study to do so.

As seen in [table 1](#T1){ref-type="table"}, the amount of training received by prehospital physicians in the use of the TETRA radio is generally quite low. Prior to starting the first shift in a prehospital setting, more than one in three physicians (38%) reported that they had received no formal training in the use of the radio, while the great majority (80%) reported having received 1 hour of training or less by way of introduction.

A similarly low percentage is seen in the amount of training received during the past year, as well as in total. Ten per cent of physicians reported having received no training at all in the use of the communication equipment provided. In total, the formal training received by physicians during their entire period of employment in prehospital care amounted to 1 hour or less for 42% of the survey respondents.

Training, either by simulation[@R18] or by e-learning,[@R20] has been shown to have a positive effect on technical skill competencies acquired in other areas of medical education, although in regard to e-learning the results are equivocal with studies also showing no effect of an e-learning programme as a booster of previously acquired competencies.[@R22] Little is known in regard to the amount of training needed in order to acquire and maintain competencies in the usage of the radio. However, studies on the effect of training in other technical skills are abundant. It has been shown that learning very basic surgical procedures is achievable with minimal time investment[@R23] while more advanced competencies have required more extensive training. A training programme including 300 min of training on bench models has been shown to significantly improve surgical skills in laparoscopic cholecystectomy,[@R24] and other training programmes have included training for more than 7 hours in order to show an acceptable level of competency.[@R25]

Regarding the self-assessed level of competency in using the radio for communication as seen in [figure 2](#F2){ref-type="fig"}, the study reveals that a large majority of physicians (72%) are at level 3 or above, corresponding to the ability to handle radio communication at least at a level sufficient for the everyday needs of prehospital physicians. However, almost a third of physicians (28%) responded that they would not be able to handle radio communication at this level. For this to be of any significance, it is a prerequisite that the self-assessment of skills bears any resemblance to the actual level of competency. As previously noted, no studies were found on prehospital radio communication but a recent review has shown that evidence exists to support the reliability of self-assessment of technical skills in general surgery[@R27] and there are no immediate reasons to assume that this would not also hold true for prehospital physicians.

While a majority of physicians have reached at least level 3 competency, indicating that the current level of training is sufficient to allow them to perform the tasks presented in [table 2](#T2){ref-type="table"}, a substantial minority agrees only 'to a lesser extent' or 'to no extent.'

With regard to the ability to handle radio communication at the scene of a major disaster, including communication with multiple operators including ambulances, helicopters, medical coordination and the police and fire departments, approximately a third of physicians (31%) stated that they would not be able to handle this type of communication, either at all or only 'to a lesser extent.'

The results are suggestive of a relatively high competency level in using the equipment for radio communication for a large proportion of physicians working in a prehospital setting; however, there is a potential lack of training for a substantial minority, which needs to be addressed.

In the Danish EMS, physicians (both in RRVs and HEMS) do not work alone but rather work in collaboration with paramedics. Paramedics could in theory, in addition to supporting patient treatment, handle radio communication thus leaving physicians to concentrate exclusively on the patient. However, choosing such an operating procedure for radio communication would diminish the redundancy in the system and leave it vulnerable to delays and loss of information as physicians would need to relay information via the paramedic.

Another problem arises relating to communication at major disasters. At present, the Danish EMS does not operate a national system that includes an On-Site Medical Commander for major disasters or terrorist incidents. Rather, there are regional differences in the handling of such incidents. In most areas, the RRV first at the scene is required to handle coordination of medical dispatch, ambulances and other operators, that is, the police and fire department, and in doing so is required to handle extensive radio communication at the site of the incident.

Although level 3 competency may suffice for the handling of radio communication on an everyday level, for most physicians working part-time in prehospital care, one could argue that as long as we do not have special rapid response units handling major disasters, a skill level of 3 or less is, in reality, insufficient for most physicians.

Cross-referencing the self-assessed skill levels in the use of the radio with the number of hours of training received suggests that there is something to be gained by increasing the amount of training offered to physicians working in prehospital care. As seen in [figure 3](#F3){ref-type="fig"}, there were no users claiming level 1 competency among physicians who had received in excess of 3 hours of training. Similarly, the percentage of physicians with a self-assessment of level 4 competency increased in line with the amount of training received; in fact, over 60% of physicians (62%) who had received in excess of 5 hours training registered a level 4 competency.

This study does not show causality between the amount of training received in the use of the equipment and the resulting level of skill using the authority radio. However, it does reveal enhanced skill levels in the use of the TETRA radio for communication among those physicians who received the most training in its use, indicating that causality may exist. A prior study in other settings has shown similar results, finding significantly greater cardiopulmonary resuscitation knowledge and skills among physicians with prior training.[@R28]

We speculate that the current skill levels in the use of the tools available for prehospital communication are insufficient to ensure that all physicians are fully able to concentrate on their primary task, namely providing optimal medical care for patients. The majority of physicians are currently sufficiently equipped to handle radio communication but the competencies of a substantial minority need to be improved.

Further studies are required to investigate how best to achieve acceptable skill levels among operators of the prehospital authority radio. However, the effect of combining hands-on training with e-learning has previously been shown to be effective as a tool for acquiring practical skills in prehospital care.[@R9] If the positive effects of training can be demonstrated, we propose that a national set of requirements be implemented, standardising minimum requirements for training in the use of the TETRA radio, which must be completed prior to starting work in prehospital care.

Strengths and limitations {#s4a}
-------------------------

As the TETRA standard has already been fully implemented across the whole of Scandinavia, as well as large parts of Europe including Germany and the UK,[@R7] and as more and more EMS around the world are converting to this standard, the results of this study ought to be applicable outside a Danish context.

There are some known limitations to this study. A response rate of 74% in a study by questionnaire is relatively high but an even higher response rate might have been achievable in different circumstances.

Assuming that non-responders are likely to belong to groups possessing lower levels of competency in the use of the radio, there is a known bias inherent in this study.

Although this study aimed to include all physicians in Denmark working with 24/7/365 operational RRVs or HEMS, it is possible that we did not succeed in this aim.

Regarding the need for formalised training in the use of equipment used for radio communication in prehospital care, while we have shown that self-assessed skills in the use of the TETRA radio are below average for almost a third of physicians in the study and although we have pointed out a lack of formal training in the use of the equipment, it still remains to be seen whether there is a direct causal relationship between an increase in the provision of formal training and the self-assessed levels of physicians' skill in using the equipment.

Conclusion {#s5}
==========

As the first study in its field, this study investigated the training received in the use of essential communication equipment among physicians working in prehospital care in Denmark. It showed that competency in the use of essential communication equipment may not have been as highly prioritised as other technical skills needed to work in a prehospital setting. For the majority of physicians, the current level of training results in skills sufficient for the use of the TETRA radio for everyday use; however, for a substantial minority further training is needed, especially if the redundancy of the prehospital system is to be preserved. Competency in prehospital radio communication needs to be acquired and maintained alongside the rest of the technical skills needed to function in this environment.
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